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The effect of herbicide on activity level and chemically-mediated antipredator responses in wolf spiders
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Spiderlings of the wolf spider Rabidosa rabida show innate effective antipredator responses (freezing) in the
presence of silk and excreta cues of the syntopic intraguild predatory spider, Pardosa milvina. Both species are
commonly found in agricultural systems where herbicides may interfere with predator-prey dynamics within
these species. Published studies indicate that a variety of environmental factors may degrade or modify spider
silk and therefore could potentially influence the ability of predator cues to inform antipredator decisions in
prey spiders. Some herbicides may act as a stimulant and increase the activity level of wolf spiders. We tested
the effect of dicamba on three aspects of Rabidosa and Pardosa behavior. We measured the effect of spraying
dicamba on the ability of Rabidosa spiderlings to detect silk and excreta cues from Pardosa. We also tested if
dicamba sprayed before or after Pardosa silk deposition influenced freezing responses and subsequent
predation in Rabidosa when paired with a live Pardosa predator. In a second experiment we measured both
activity level and predation frequency of Pardosa on Rabidosa when Pardosa, Rabidosa, or both spiders were
chronically exposed to herbicide-treated soils over a one-week period. Dicamba sprayed on substrates with
predator cues from Pardosa did not significantly influence Rabidosa survival or Pardosa attack latency when
Rabidosa wasn’t previously exposed to predator cues; however, Rabidosa and Pardosa both increased activity
level when exposed for one week to dicamba substrates. We also found significant differences in Rabidosa
survival with a live Pardosa when exposed for at least 24 hours with predator cues depending on if the
predator and/or prey was exposed to dicamba. Our findings suggest that dicamba may mediate silk-cued
predator-prey interactions in these species particularly when the prey have been previously primed with
predator silk cues.
Questions
Wolf spiders frequently feed on other wolf spider species. Many prey species can detect silk and
excreta cues produced from larger predatory wolf spiders and use this information to avoid being
eaten. These cues (kairomones) can contain specific information about predation risk including
the predator’s diet (Persons et al. 2001), how long since it left the area (Barnes et al. 2002) and its
hunger level (Bell et al. 2006). Detection of these predator cues by prey induces a freeze response
that enhances survival in the presence of a live predator (Persons et al., 2002). Prey spiders
without access to silk cues typically suffer high mortality rates from these predatory spiders.
Many wolf spider species are agrobionts, occurring year-round within agricultural systems
worldwide. Since they live on the ground they are especially susceptible to direct spraying of
herbicides during the pre-emergence phase of the growing season. Although the lethal effects of
some herbicides, particularly glyphosate and atrazine, have been studied in spiders, most
sublethal effects of other herbicides on ground spiders have been understudied and none have
examined how herbicides may interfere with how chemical cues mediate predator-prey
interactions among different lycosid species (Pekar 2012). Since herbicides can change activity
levels in wolf spiderr (Korenko et al., 2019) presumably they could have negative or positive
effects on predator-cue induced freeze responses while other studies suggest that wetting these
spider predator cues can disrupt antipredator responses (Wilder et al. 2005).
Spiderlings of the wolf spider Rabidosa rabida show innate freeze responses to silk cues from the
larger predator Pardosa milvina and become primed or sensitized to these cues after 24 hours of
exposure to them (Eiben & Persons, 2007). Rabidosa also survives longer when exposed to both
these cues and a live Pardosa (Eiben & Persons, 2007). Both species are common in agricultural
systems throughout the Eastern US where they are prone to frequent exposure to herbicides.
Here we tested if the common herbicide, dicamba interferes with detection of predator cues,
changes activity level of predatory and prey wolf spiders after a week-long exposure, and if
chronic exposure to this herbicide shifts survival probability of Rabidosa in the presence of
Pardosa with and without predator cues present.
How does the herbicide dicamba influence predator-prey 
dynamics between adult Pardosa and spiderlings of Rabidosa?
• How does the timing of spraying herbicide influence these interactions?
• Does the presence of predator cues and/or herbicide change the predation probability of 
Rabidosa spiderlings in the presence of live Pardosa predators?





























Figure 5. Mean predation latency (±SE) between 
the predator Pardosa and prey Rabidosa. 
Spraying water or herbicide on predator cues 
had no effect on predation time between 
Pardosa and Rabidosa (One-way ANOVA, 
F5,136=0.792; p<.5574, N=168). 
Figure 7. Mean survival time (±SE) of spiderlings of 
the species Rabidosa when paired with the predator 
Pardosa. (one-way ANOVA, F4,95=4.654; p<.0018).  
Treatments varied in whether Pardosa, Rabidosa or 
both species had been previously exposed to dicamba
for one week. For all treatments but one, Rabidosa
could detect predator chemical cues of Pardosa. 
Different letters above bars indicate a statistically 
significant differences between groups. (N=100) 
Figure 6. Mean time (±SE) Pardosa and Rabidosa
spent moving during a 10-minute activity test. 
Pardosa moved significantly more than Rabidosa
(Species: F=89.7; p=0.0001) and both species 
moved more after being exposed one-week to the 
herbicide dicamba (Herbicide: F1,196=7.65; 
p=0.006). There was no interaction between 
species and herbicide (Species*Herbicide:F=2.0; 
p=0.15, N=200) 
Figure 2. Six treatments in which predation trials between a spiderling of 
the Rabidosa rabida subspecies and a subadult Pardosa milvina species 
occurred. The presence and order in which Pardosa cues and type of 
wetting was applied defined the groups. Trials occurred in either water or 
vanquish treatments. A one-hour drying period followed the wetting of 
the substrates before the spiders were placed in the substrates. Four 
treatments had the presence of cues placed overnight by subadult 
Pardosa milvina which were then removed before predation trials and 
reintroduced at the same time as prey spiders. (N=168, n=28)
Figure 4. A second set of predation trials occurred following both 
species of spiders being placed in either dicamba or water treated 
substrates for a week. The species were then paired in 4 different 
ways so that we could explore the differences in predation based on 
previous herbicide exposure. Dicamba treated Pardosa were 
measured against both a Rabidosa placed on dicamba-sprayed soil or 
control soil. Additionally, a Pardosa that was placed in water for a 
week was tested against both a Rabidosa placed in vanquish and one 
placed in water. There was one control group in which both spiders 
were placed in water and there was no predator cues.
Figure 3. Using small containers, we sprayed a soil 
substrate with either water or a field-dosage of dicamba. 
After waiting one hour,  we placed a single Rabidosa
spiderling or adult Pardosa onto the substrate for seven 
days. At the end of seven days, we removed the spiders 
and measured their activity as time spent moving during 
a 10-minute observation period (N=200). These spiders 
were also used in a predation experiment (see Figure 4).
Figure 1. Predator 
adult female 
Pardosa milvina (A) 
and prey, 




shown here on 
their mother’s back 
just prior to 



























































































Dicamba application on spider chemical cues (silk and excreta) had no effect on Pardosa
predation on Rabidosa (Fig. 5). Order of wetting or the presence of predator cues had no 
significant effect on the survival of Rabidosa. Since these were predator-naieve Rabidosa
spiderlings without prior exposure to predator cues, they may not have had sufficient time to 
become sensitized to these cues which is known to enhance antipredator responses to 
chemical cues (Eiben et al. 2007). 
Dicamba exposure increased activity levels of both the predator and prey spiders and 
Pardosa showed much higher activity than Rabidosa (Fig. 6). Since Pardosa were adults and 
Rabidosa were spiderlings, it is unclear if the differences between these two species reflect 
species differences, developmental differences or both. In other species juvenile wolf spiders 
do show lower activity level than adults (Persons, 1999)   which may reflect size-based 
differences in predation risk. Dicamba may have a stimulatory effect on wolf spiders and the 
increased activity could compromise freeze responses.
Chronic exposure to dicamba significantly affected predation time but had different effects 
on each spider species (Fig. 7). Since long-term herbicide exposure increases activity while 
predator cues decrease it, these counteracting stimuli may result in complex feeding 
responses that are difficult to predict when only one spider is exposed. Rabidosa survival 
was longest when Pardosa had been exposed to dicamba but the same pattern didn’t occur 
when only Rabidosa was exposed. Given that these spiders often occupy strip crop systems 
where sprayed and non-sprayed fields may occur within 25 meters or less apart, it is likely 
that wolf spiders encounter other individuals with highly variable differences in herbicide 
exposure. Since a single species of wolf spider can consume an estimated half a million prey 
per acre per week within a crop system, the indirect effects of herbicides on biocontrol of 
pests may be considerable but remain largely unexamined.
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